Ureteral obstruction in neonatal mice elicits segment-specific tubular cell responses leading to nephron loss.
To elucidate the sequence of renal responses leading to nephron loss in obstructive nephropathy, we examined the evolution of segmental nephron cellular changes consequent to chronic unilateral ureteral obstruction (UUO) in the neonatal mouse. Neonatal mice were subjected to UUO or sham-operation, and kidneys were harvested 5, 12 or 19 days after surgery. Proximal tubules (PT), distal tubules (DT) and collecting ducts (CD) were identified with lectins. Histomorphometric quantitation was made for cellular necrosis, apoptosis, proliferation, tubular dilatation, tubular basement membrane (TBM) thickening, interstitial collagen, and glomerular maturation. The distribution of hypoxic tissue was determined using pimonidazole as a marker. Additional studies were performed by mechanically stretching monolayer cultures of mouse proximal tubular and collecting duct cells, and measuring apoptosis. Neonatal UUO induced an arrest of glomerular maturation throughout the period of study. Chronic UUO induced hypoxia, tubular necrosis, proliferation, and TBM thickening in the PT, but stimulated apoptosis in the DT and CD. Tubular dilation in the obstructed kidney was most severe in CD and least severe in PT. Tubular cell apoptosis closely paralleled tubular dilation (P < 0.05), and fibrosis surrounding individual tubules also correlated with tubular dilation (P < 0.001). Mechanical stretching of cultured mouse tubular cells induced apoptosis directly proportional to the magnitude of axial strain: apoptosis was consistently greater in CD than in PT cells (P < 0.05). Following UUO, the co-localization of hypoxia with cellular proliferation, necrosis, and TBM thickening of the PT is consistent with ischemic injury resulting from vasoconstriction. In contrast, a selective dilation of the distal portion of the nephron (DT and CD), which results from the greater tubular compliance there, leads to stretch-induced epithelial cell apoptosis, along with a progressive peritubular fibrosis. Nephron loss in the obstructed developing kidney likely results from complex, segment-specific cellular responses.